Clinical examination is non-invasive, but has well-recognized limitations in detecting compensated and uncompensated low flow states and their severity. This paper describes the principles of near infra-red spectroscopy (NIRS) and the basis for its proposed use, in hypovolaemic, cardiogenic and septic shock, for assessing global and regional tissue oxygenation. The vascular occlusion test is explained. Limitations of NIRS, current controversies, and what is necessary in the future to make this technology a part of the initial and ongoing assessment of a patient, are discussed as well. The ultimate goal of such techniques is to prevent miss-assessment and inadequate resuscitation of patients, two major initiators in the development of multisystem organ failure and death.
Introduction
Oxygen delivery (DO2) is acutely reduced in all types of shock. Consequently, tissue hypoxia occurs. Sustained tissue hypoxia is one of the most important factors in the pathophysiology of organ dysfunction. (1) Maintenance of DO2 is essential to preserve organ function, and sustained low DO2 is a path to organ Mixed venous oxygen saturation (SvO2) was traditionally used to estimate global tissue oxygenation (oxygen delivery/oxygen consumption (VO2) ratio). But catheterization of the pulmonary artery is costly, has inherent risks and its usefulness remains under debate. (10-12) Not surprisingly, the monitoring of central venous oxygen saturation (ScvO2) was suggested as a simpler and cheaper assessment of global DO2 to VO2 ratio, (13) and was used successfully as a hemodynamic goal in the treatment of patients with septic shock and severe sepsis. (14) ScvO2 of 70% was subsequently included in the international guidelines as a hemodynamic goal for the management of severe sepsis and septic shock. (15) Although the relationship between systemic and peripheral circulation is not always well defined, the assessment of peripheral perfusion during peripheral cooling-induced vasoconstriction in healthy volunteers has shown that profound changes in peripheral circulation can occur independently of systemic haemodynamic parameters, such as blood pressure and cardiac output. (16) Regional perfusion changes can occur significantly earlier than traditional global indices. (17) The rationale of peripheral perfusion monitoring is based on a concept that peripheral tissues are the first to reflect hypoperfusion during shock and the last to reperfuse during resuscitation. (18) Examples of technologies which may take advantage of regional changes and which may help identify these states, include transcutaneous partial pressure of oxygen (pO2) and carbon dioxide partial pressure (pCO2), subcutaneous and interstitial pH, pCO2, and pO2 measurements, gastric and sublingual tonometry, and near-infrared absorption spectroscopy (NIRS). (9) Principles of NIRS This local oxygen consumption limitation may be due to two different but cumulative mechanisms: first -a local dependency on low flow or inadequate flow conditions (46) or second -a low oxygen extraction due to mitochondrial dysfunction and/or alteration of oxygen diffusion (interstitial oedema). (25, 46, 48) Although the mechanism involved in sepsis resuscitation is not yet fully understood, it is clear that the persistence of impaired peripheral perfusion is associated with worse patient outcomes. (51) In the previously described study of patients with severe left heart failure, with or without additional severe sepsis/septic shock (40) failing heart, ScvO2 was slightly higher than SvO2 and in shock patients the difference between SvO2 to ScvO2 was even more expressed (47.5% ± 15.11% vs.
58.0% ± 13.05%, respectively, p < 0.001). Lee and co-workers described similar findings. (55) Other more detailed studies in mixed groups of critically-ill patients designed to test if the ScvO2 measurements could substitute the SvO2 showed problematically large confidence limits (56) and poor correlation between the two values. (57) The hypothesis that the slower skeletal muscle StO2 deoxygenation rate (more disturbed tissue oxygen extraction) is proportional to the ScvO2-SvO2 difference in patients with severe heart failure with additional sepsis/septic shock, was confirmed by our more recent study. (58) We showed that these patients had a clinically considerable ScvO2-SvO2 discrepancy. Monitoring ScvO2 is a simpler and cheaper assessment of global DO2 to oxygen consumption ratio, but its use as a treatment goal in patients with severe heart failure, with additional sepsis/septic shock, is questionable. Higher levels of ScvO2 in patients in the latter stages of septic shock were found in the non-survivors. (59) These findings raise concerns about high levels of ScvO2 in patients with septic shock. Consequently, ScvO2 or probably StO2, as a treatment goal, provides a false favourable impression of adequate body perfusion. Future studies that implement NIRS into treatment algorithms are ongoing.
Summary
The present review provides a foundation for understanding the potential value and limitations of NIRS as a tool in the assessment of patients with different types of shock. Despite continuous controversies, skeletal muscle NIRS clearly takes monitoring from a global to a local level, from invasive to non-invasive, and closer to the entrance to the hospital.
In low cardiac output states, with preserved oxygen extraction ratio (cardiogenic, hypovolaemic types of shock), StO2 measurements correlate well with invasive global indexes of oxygen delivery and consumption. In hypovolaemic shock and in the perioperative period, StO2 is a good prognostic tool. In septic shock the oxygen extraction capability is altered, and StO2 correlates better with ScvO2 than with SvO2, however, correlation coefficients are relatively low. In patients with severe sepsis and severe heart failure StO2 did not estimate SvO2, but, in the end, data suggest that in patients in early phase of septic shock low StO2 predicts low ScvO2 and higher mortality. 
